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A method to Impart permanent stain reahtanoe to po- 
lyamides, Including nylon fiber and fibrous articles such as 
carpet and ca^et tile, that iuchides treating the fiber with an 
iso^anate under moderate conditions that do not damage 
other materials that the fiber is attached to. Nylon carpet and 
carpet tile treated according to this method are highly ^ted 
for oommerdal use because they retain their stain resistance 
after repeated washings. 
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FERHMIEST BTAZN RESISTANT TREATKSMT FOR POLYAMZDB PlPfiftS 
BACROROUND OF THE INVENTION 

This invention is a method to impart permanent stain 
5 resistance to polyamide fibers. 

Polyamide: fibers are found in a vide variety of 
commercially important textile materials, including 
nylon, silk, wool, and leather* It is estimated that 
75% of all carpet currently produced in the Tlnited - 

10 States, and 46% of all carpet produced in Europe, is 
prepared from nylon fiber. Nylon fiber is also used 
extensively in upholstery and fabric coverings. 

One disadvantage in u^ing nylon, as well as other 
polyamide fibers, as the pile yarn in carpet or as a 

15 constituent in fabric is that the fiber is* easily 
stained by many materials* In fact, has been 

determined that more carpets are replaced because of 
staining than because the fibers are worn. The most 
significant mechanism of action of staining of nylon 

20 fiber appears to involve the formation of ionic bonds 
between protonated terminal amine groups on the 
polyamide fiber and anionic materials such as acid dyes. 
Common substances that contain acid dyes include 
mustard, vine, and soft drinXs that contain FD&C red dye 

25 No. 40 (such, as cherry Kool Aid*). 

The most common approach to increasing the 
resistance to staining of polyamide fibers has been to 
treat the fibers with a colorless formaldehyde aromatic 
condensation polymer that has sulfonate groups on the 

30 aromatic rings. The condensation polymers are typically 
prepared from 4 , 4 < -dihydroxydiphenylsulf one (also 
referred to as 4^4"-sulfonylbi8phenol or DOS), phenyl 
4-sulfonie acid, naphthalene sulfonic acid or 2,4-> 
dimethylbensene sulfonic acid* The sulfonate groups 

35 ionically bond to available protonated amino groups in 
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the polyamide fiber^ preventing the protonated amino 
groups from later bonding to commonly used acid dyes« 

Examples of methods to in^rt stain resistance to 
nylon fibers that include the use of a sulfonated 
5 condensation polymer are described in U.S. Patent 
4*839^212 to Blythe (disclosing nylon carpet fibers, 
coated with a sulfonated aromatic condensation polymer, 
that resist staining by acid dyes at room temperature 
but are dyeable at elevated temperatures > ; Patent 

10 No^ 4,501^591 to Dcci, et al, (disclosing the use of 
sulfonated phenol- formaldehyde condensation polymers in 
combination with alkali metal silicates to impart stain 
resistance to nylon fibers); and U.S* Patent Nos. - 
4,592,940 and 4,680,212 to Blythe, et al* (dls^s'losing • 

15 foinnaldehyde condensation products formed from a mi^arturis 
of sulfonated dihydroxydiphenylsulf one and 
phenylsulphonic acid, vherein at least 40% of the 
repeating units contain an -SO^X radical, and at least 
40% of the repeating units are 

20 dihydro)cydiphenylsulfone) . 

tJ^S. Patent No« 4,699,812 to Munk discloses a method 
for imparting stain resistance to nylon fibers that 
includes applying a solution of an aliphatic sulfonic 
acid containing 8 to 24 carbon atoms under acidic 

25 conditions. 

In a variation of these methods, the sulfonated 
formaldehyde condensation polymers have been blended 
with other polymers to increase the effectiveness of 
stain resistance. For example, D.s* Patent 4,822,373 

30 to Olson discloses a method of imparting stain 
rasistahce to nylon fiber that includes applying a 
mixture of a partially sulfonated novolac resin and a 
polymethacrylia acid. 
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European Patent Application No* 88311826*7 filed by 
E. I. Du Pont Nemours and Company describes stain 
' resistant polyaiaide fibers prepared by treating the 
fiber with a hydrolysed ethylenically unsaturated 
5 aromatic maleic anhydride polymer in combination with 
a sulfonated aromatic condensation polymer. 

Although polyamide fibers treated with sulfonated 
condensation polymers have improved resistance to 
staining by acid dyes^ the resistance is reduced or 
10 eliminated after several shampooings, because the 
sulfonated aromatic condensation polymers are stripped 
from the fiber* Regardless of the effectiveness of a 
sulfonated material in imparting stain resistance to 
polyamides^ after several shampooings, the polyamide- is 
15 just as susceptible to staining as before treatm^oit* 
This is particularly disadvantageous in a commercial 6r 
industrial setting^ because of the need for frequent 
cleaning* 

Not only are polyamide fibers easily stained by 
20 anionic materials, they are also soiled, easily. 
Fluorochemicals are typically used to reduce the 
tendency, of soil to adhere to the fiber surface, and 
reduce fiber wettability. Fluorochemicals also provide 
a physical barrier to the staining material. Examples 
25 of commercially available f luorochemical coatings 
include Scotchgard* 358 and 352 (Minnesota Mining & Mfg. 
Co.) and Zepel^ and Teflon* (E» l. Du Pont Nemours & 
CoO« Antron Plus* carpet manufactured by Du Pont 
contains nylon carpet fibers coated with f luorocarbons , 
30 However i fluoroohemldal coatings alone provide no 
resistance to staining by acid dyes* 

There is a need for a convenient method to impart 
permanent stain resistance to polyamide fibers that is 
appropriate for industrial use* 
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a^erefore, it is an object of the present invention 
provide a method to ianpart fitain resistance to 
natural or synthetio pbiyaa&ide fibers that will not be 
removed on washing the fiber* 
5 It is another object of the present invention to 

provide a method for treating natural or synthetic 
polyamide fiber that is mild enough not to damage other 
materials attached to the fiber* 

It is still another object of the present invention 
10 to provide a method to impart permanent stain resistance 
to nylon carpet and cjarpet tile for commercial or 
industrial use* 

It is yet anpther object of the present invention 
to provide a method to impart permanent stain resistance 
15 to natural or synthetic polyamide fabric. 

It is a further obj^ect of the present invention to 
provide nylon carpet tile that is permanently stain 
resistant. 

20 summary of the Invention 

The present invention is a method to impart 
permanent stain resistance to polyamide fibers that 
includes treating the fiber with an isocyanate under 

25 moderate conditions that do not damage other materials 
that the fiber is attached to« The invention provides 
nylon carpet and carpet tile that are highly suited for 
ccnomercial use because they retain tixeir stain 
resistance after repeated washings. 

30 According to the invention, the terminal amine group 

of the polyamide fiber is reacted with a monoisocyanate , 
a dilsoeyanate, a polyisocyanate, or an oligomer or 
polymer containing isocyanate functional groups, or a 
coiift>lnation of these, to produce a terminal substituted 
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The fiber can be treated before or after 



manufacture into an article stich afi fabric, carpet, or 
carpet tile. The fiber Lan be coated with a 
fluorocarbon after or during ilsocyanate treatment. 

Treatment of polyamide fkber with an isocyanate 
provides a stain resistance thalt is significantly better 
than that provided by sulfonatied aromatic condensation 
products now marketed for this purpose, because the 
protection provided by isooyanate treatment is 
permanent. The treatment is effective after extensive 
washings and even after extraction with hot ethanol^ 
By comparison/ the present stain resist treatments for 
nylon fibers are stripped from the fiber after repeated 
washing or extraction with ethanol. 

Samples of nylon 6 fiber treated with isooyanate 
resist staining after being scaked overnight in cherry 
Xool Aid* at room temperature, or after heatihg the 
fiber in cherry Kool Aid* at 100 "C for two hours. In 
comparison, untreated nylon fiber resists staining by 
cherry Xool Aid* at room temperature for approximately 
five minutes. 

The isooyanate can be effectively applied to any 
synthetic or natural fiber having terminal amine groups 
using a wide variety of means. Zn the preferred method, 
the fiber or fibrous article is treated with a foam or 



spray of isooyanate, and then 
unit* In another embodiment 



article is soaked in the isooyanate and then heated 



passed through a heating 
the fiber or fibrous 



isooyanate can be applied 
The length of time and 



until dry. Alternatively, the 
by pad squeeze or kiss roll, 
temperature needed to dry the fiber or article will vary 
depending on the type of oven and the solvent system 
used to apply the isooyanate |. A drying temperature 
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should be chosen that does not damage the fiber or any 
materials in the fibrous articile. 



B&IEF SSSCBXPTZOH 



I 

I 

L 



ZBB FIGURE 



Figure 1 is an illustration of the chemical 
structures *of S/a-aimethyl meta-isopropenyl benzyl 
isocyanate (TMl) , 4 ^ 4 • *diphenylmethane diisocyanate 
(MDI) , and 3-isocyanatoiDethyl--3,5,5-triinethyloyclohexyl 
iGOOyanate (TPDl, also called ksophorone diisocyanate) • 



DBTAZLSD DEBCRXFTXOH 



OF IHB INVENTION 



Isocyanates can be used to impart permanent .stain 
resistance to any fiber that h^is reactive terminal amino 
groups, for exan^le, polyamides. As used below, the 
texm polyamide includes homopollymers or copolymers that 
contain polyamide linkages « Polyamides are found in a 
wide variety of fibers and fabrics, such as wool, silk, 
natural leather, synthetic leather and nylon. Nylon 
is a synthetic polyamic^e prepared by the 
polycondensation of a dicarboicylic acid and a diamine, 
such as 'adipic acid and hexaLiethylene diamine (nylon 
6,6) ; or from a diisocyanate and a dicarboxylic acid* 
In aanuf acturing nylon from a diamine and a dicarboxylic 
acid, an excess , of diamine can be used to produce a 
fiber that has two terminal «mine groups instead of a 
tertiinal amine and -a termini il carboxylio acid, 
excess of amine is typically used to increase the acid 
dyeabiilty of the fiber* Thiia process, however, can 
also increase the tendency of rho fiber to stain 
can also be produced from 
caprolactam (nylon 6) . 



PAGE14/44'RCVDAT8/7/20073:21:41PM[EastemDaylighlM^ 



Nylon 

a cyclic amide such as 



Best Available Copy 



08/07/2007 15:30 



8645031999 



MILLIKEN LEGAL 



WO 91/14512 



PAGE 15 



PCr/US91/01858 



AS used herein, the term '^isocyanate" refers to any 
compound that has at least one isocyanate functional 
group, including but not liiBited to monoisocyanates, 
diisocyanates , polyisocyanates , and polymers containing 
5 isocyanate functional groups. 

Polyamides are known to l ekact with isocyanates . to 
form substituted ureas, and have been so reacted in the 
past to alter properties othdr than stain resistance. 
Kondo, et al,, The_Chemlcal society of Japan 9, 1459 

10 (1984) report that the surface of a nylon film can be 
made soil (water and oil) resilstant by refluxing it for 
fourteen hours with p- (perfluorlononyl) phenyl isocyanate. 
The length of treatment is unsuitable for an Industrial 
procedure and can result in ui^desirable side reactions 

15 if any other material is attalched to the fiber. U.S. 
Patent 4,672,094 discloses that a polyamide can be 
reacted with an organic diisacyanate to increase the 
molecular weight of a polyamide prepared from a 
diisooyanate and a dicarboxylic acid. Tenchev, K.H», 

20 et al., Kater, Plast. fSucharestl 18(2), 108-112 (1981) 
describes the modification of polyamide tire cord with 
isocyanates to alter the relative elongation, tensile 
strength, and crystallinity of the cord- Hikolaev, 
V.H., et al.,. giniti 3373-77 (1977) discloses that the 

25 modification o£ polyamide fabric with a diisocyanate 
improves thermostability aJd adhesion properties « 
German Patent Application od 3526272 discloses that 
modification of polyamideJ with monoisooyanates 
increases fold capability, mi>ld release behavior and 

30 not^ impact strength. Japanese Patent Application 60- 
93065 describes polyanide re^iiiis suitable for use as 
Insulator materials such as wire coatings prepared by 
reacting 0. 5-2.0 isocyanate radicals for each amide 
moiety in the polyamide chaiin. None of these references 
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provide a metbod -to increase the etain resistance of 
polyamide fibers. . 

z» Capping 

In one embodiment, the disclosed invention is a 
laetbod to inpart permanent staik resistance to polyamide 
fibers that includes treating the fiber with a 
Aonbisocyanate that covalentl^ binds to the teminal 
amine group of the polyamide to form a terminal 
substituted urea, according to! the following equation: 



H O H 
R-N-C-N-R' 



+ R»-HH2 

wherein 

R is any hydrocarbon or stibstituted hydrocarbon in 
an isocyanate that is capable jof forming a stable bond 
with the terminal amine and that does not participate 
in undesirable side reactions j| and R^ is the polyaiftide 
chain that terminates with the reactive amine. The 
fiber can be treated with a homogeneous solution of , 
nonbisocyanate, or with a mixture of isocyanates. 

R is defined funotionall^ to emphasize that the 
invention is not restricted 4o the use of a ceirtain 
family of monoisocyanates, bat rather, lies in the 
permanent **capping" of the terminal amine of the 
polyamide with any suitable i£;ocyanate. 

The choice of isocyanate wkll determine in part how 
the fiber is treated; for* exaz^le, whether the 



isocyanate can be applied in 



emulsion, or in an organic solvent* The choice of 
isocyanate will also determine the treatment eohditions. 
For example, aliphatic isocyanates react with terminal 
amines more slowly than ar|;>matic isocyanates, and 



an aqueous solution, an 
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therefore may require moife vigorous application 
conditions. Fvirther, it h[eis been discovered that 
aliphatic isocyanates have lesa tendency to yellow than 
aromatic isocyantes after incorporation into the fiber* 
5 Aromatic iaoeyanates, however t tend to provide superior 
stain resistance* 

Preferably, R is an aromatic, heterocyclic, 
aliphatic, araliphatlc, alkaryl, or cycloaliphatic group 
of Cj to optionally with hetero {0,S, or N) or COMH 
10 linkages, and optionally substituted with chlorine, 
bromine, or fluorine. The term aliphatic includes 
alkanes, alkenes, and alkynesl« 

Examples of suitable monoisocyanates include a/a- 
dimethyl meta-isopropenyl llenzyl isocyanate - :(TMI, 
available from American CyanaLid Company, see .Pig.. l) > 
phenyl isocyanate, oyclohixyl isocyanate ^ octyl 
isocyanate, hexyl isocyanate,! 2-ethylhexyl isocyanate, 
2,3, 4-trimethylcyclohexyl isocyanate , 3,3, s-trimethy 1 
isocyanate , decy 1 isocyaJate , 2 -norbomyl^tne thyl 
isocyanate, dodecyl isocyanate, tetradecyl isocyanate, 
hexadecyl isocyanate, octad^cyl isocyanate (stearic 
isocyanate) , oleic Isody^nate, 3~butbxypropyl 



isocyanate, toluyl isocyanate 



chlorophenyl isocyanate. 



the reaction of phosgene 



dichlorophenyl isocyanate, bknzyl isocyanate, and l- 
naphthyl isocyanate* 

The monoisocyanates can ibe purchased comiitercially 
or can be synthesized by methods known to those skilled 
in the art, for example, by 
with the desired amine. 

Zsooyanatee do not' react dippreciably with the amide 
linkages of the polyamide fibers under the conditions 
described here to treat the 
nitrogen is significantly 



fiber, because the amide 
less reactive than the 



nitrogen in the terminal amine groups. 
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In a preferred embodinfeni, the isocyanate that Is 
reacted vlth the polyamide f ilaer has a sufficiently low 
molecular weight that it penetrates to some extent into 
the fiber before reaction. jMonomers and oligomers of 



5 up to ten ttonomers can typi 
with ease. The optimal 
isocyanate will depend on the 



ally penetrate the fiber 
inolecular weight of the 
porosity and nature of the 



fiber. The optimal isocyanate treatment provides a 
dense protective layer at and closely below the surface. 



XX. Chain SKtansion 



embodimbnt 



In an alternative 
of a polyamide fiber can 
reactioh with a diisocyanate 



I'-HH-C-N-R ' -N-C-11h-: 



terminal amine groups 
]3e permanently linked by 
According to the equation: 

+ 2 R'-NHn 



wherein 

Ri .i is any hydrocarbon 6r substituted hydrocarbon 
in a diisocyanate that is cLapable of forming stable 
bonds with the terminal ajmine and that .does not 
participate in • undesirable iide reactions; and is 
the poiyamide chain that terminates with the reactive 
amine. 

&s above, R' ' is defined functionally to emphasize 
that the invention is not restricted to a certain family 
of diisocyanates , but instead covers within its scope 
the use of any diisocyanate tliat will crosslinK with the 
terminal amine groups to form permanent bonds that 
protect the fiber from acid dyes. 
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Preferably, R» • an aromatic, heterocyclic, 
aliphatic, araliphatic, alkaryl, or eye loaliphatic group 
of Ci to optionally with hetero (0,s, or N) or coNH 
linkages, and optionally substittited witn chlorine, 
5 bromine, or fluorine. 

Examples of suitable diisocyanates include 4,4»- 
diphenylmethane diisocyanate (MDI, available from ici 
Polyurethanes Group, West Deptford, New Jersey, see Fig. 
1); PBA 2259 (a more stable water dispersible version 

xo of MDI also available from ici Polyurethanes Group) ; 3- 
iaoeyanatomethyl-3 , 5 , 5~trlmethylcyclohexyl isooyanate 
(IPDI, or isophorone diisocyanate, available from HUls 
America, inc., see Pig. 1); toluene diisocyanate (TDl); 
hexamethylene diisocyanate, octamethylene diisocyanate, 

15 decamethylene diisocyanate, cyclohexyl diisocyanate, 
methylenebis-(4-cyciohexylisoayanataJ , phenylene 
diisocyanate, dlphenyiether-4 ,'4 '-diisocyanate, xylene 
diisocyanate, tetramethyl xylene diisocyanate, polyether 
diisocyanate, polyester diisocyanate, polyamide 

20 diisocyanate, and dimer acid diisocyanate (a 
diisocyanate prepared from the reaction product of two 
unsaturated carboxylic acids) . 

The use of multifunctional Isoeyanates, such as 
triisocyanates and tetraisocyanates to impart stain 

25 resistance to nylon fibers is also considered within 
the scope of this invention. 

XXZ. Use of Oligomer ie and Pelynerie xseeyamates 

30 • The stain resistance of a polyamide fiber can also 
be enhanced by reaction with a polymer that has 
isocyanate functional groups. Suitable polymers include 
those with aromatic or aliphatic baclcbones, for example, 
Desmodour E-14 from Hobay Corporation. 
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Isocyanate functionallzed polymers aleb provide a ^ 
protective coating for the polyamlde fiber. If the 
functionallzed polymer 1& water repellent, for example, 
if it is halogenated, it will decrease the tendency of 
5 soil or liquid to adhere to the fiber surface* A water 
soluble isocyanate can be prepared by reafiting a 
diisocyanate with a perf luorinated alcohol. An example 
is the reaction of MDI with 1/2 of an equivalent of 
perfluorononyl alcohol. Alternatively, a polymer can 
10 be selected that imparts anti-static qpialitles, 

XV « nee of isocyaimtB Precursors 

The isocyanate can be reacted with the polyamide 
15 fiber in a blocked or masked form, or in a mixture that 

includes unblocked and blocked derivatives. Methods for 

blocking isoeyanates are described in U.S, Patent 

4t530,859> incorporated herein by reference; Doyle^ "The 

Development and Use of Polyurethane Products,'^ McGraw- 
20 Hill (1971) ; and Saunders and Prisch/ "Polyurethanes: 

Chemistry and Technology, " Part II, interscience (New 

York 1964), pages 8-49 • 

Typical blowing agents include phenol type blocking 

agents, including phenol, cresol, xylenol, nitrophenoX, 
25 chlorophenol , ethylphenol , t-buty Iphenol, bydroxybenzolc 

acid, hydroxybehzolc acid esters , and 2 , 5-di-tert-butyl- 

4-hydroxytoluene ; 

lactam type blocking agents, including e- 

caprolactam, f-valerolactam, butyrolactam, and i9-* 

30 propiolactam; 

active methylene type blocking agents, including 
diethyl malonate, dimethyl malonate, ethyl acetoacetate, 
- methyl acetoacetate, acetylacetone, and t-^ 
butylacetoacetate; alcohol type blocking agents, 
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including hexan« diol, ethylene glycol, methanol, 
ethanol, n-propyl alcohol, isopropyl alcohol, n-butyl 
alcohol, isobutyl alcohol, t^butyl alcohol, n-amyl 
alcohol, t-amyl alcohol, lauryl alcohol, ethylene glycol 
5 inonoether, diethylene glycol oonomethyl ether, propylene 
glycol nononiethyl ether, methoxyaethanol, glycolic acJid, 
glycollc acid esters, lactic acid, lactic acid esters, 
nethylol urea, nethylel melamine, diacetone alcohol, '. 
ethylene chlorohydrin, ethylene bronohydrin, 1,3- 
10 aitfhloro-~2-propanol, and acetocyanohydrin; 

nercaptan type blocking agents, including 
butylnercaptan, hexylmercaptan , t-butylmercaptan , t- 
dodecylmercaptan, 2>nercaptobenzothiazole, thiophenol, 
nethylthiophenol, and ethylthiophenoX; 
15 acid anide t:ype blocking groups, " including 

acetoanilide, acetoacetanisidide, acetotpluide, 
acrylamide, methacrylamide, acetamide, stearylamide, 
and benzanide; 

inide type blocking agents, including succinimide, 
20 phthalimide, and naleimlde; 

amine type blodking agents, including diphenyl 
amide, phenolnaphthyl amide, zylidlne, N-phenylzylidine, 
carbazole, aniline, naphthyl amide, butyl amine, dibutyl 
amine, and butylphenyl amide; 
25 imidazole type blocking agents. Including imidazole, . 

and 2-ethyliaidazole; 

urea type blocking agents, including urea, 
thioiirea, ethylene urea, ethylene thiourea, and i,3> 
dlphenylurea; 

30 carbamate type blocking agents, including phenyl N- 

phenylceurbamate, . and 2-oxazolidone; 

imine type blocking agents, including ethy leneinine ; 

oxime type blocking agents, including formaldoxime, 
aoetaldoxime, aoetoxime, methylethylketoxime, diootyl 
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monoxlm&, benzophenone oxlme, and cydohexanone oxime; 
and 

sulfite type blocking agents, including sodium 
bi&nifite and potaeeium bisulfite. 
5 For example, the reaction of an alcohol with an 

isocyanate produces a txrethane. This reaction is 
reversible. Heat forces the equilibrium back toward 
formation of the isocyanate. When the temperature rises 
above lOO^C^ the water in the solution is evaporated, 

10 and the isocyanate is forced to react with the polyamlde 
terminal amine, which is easily reversible , or the 
alcohol, vhioh again is a reversible reaction* 

It is important to choose a blocked isocyanate. that' 
generates a free isocyanate at a temperature below which ' 

15 the fiber or fibrous article to be treated is damaged. 
The suitability of a desired blocked isocyanate can be 
determined easily hy a small scale trial tun carried out 
according to procedures described iii Section V. 

Molecules that are capable of thermal rearrangement 

20 to isocyanates are also suitable to impart stain 
resistance to polyanides^ For example, U.S^ Patent Nos. 
4,109^599 and 4,410,6a9v incorporated herein by 
reference r disclose bis-cyclic ureas that rearrange to 
aliphatic diisocyanates . 

25 Oligomers of aromatic dlisocyanates can be prepared 

1^ reacting an excess of diisocyanate with a diol such, 
as hexane diol or ethylene glycol to form a urethane. 
- This urethane can be used as a precursor to the 
^ ' diisocyanate in poXyamide fiber treatments The 

30 urethane cam be prepared in advance or formed in situ . 
It is preferred, to have the ratio of diol to 
diisocyanate below 1:1 so that an oligomer is formed 
with terminal isocyanate groups^ and not terminal 
hydroxyl groups. The most preferred range is 0.3 pr 
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less diol to isocyanate. The diol can be fluorinated 
or optionally substituted with groups that do not 
interfere with the isocyanate reaction* 

Aliphatic isocyanates typically react slowly with 
5 blocking agents, and will only fona useful oligomere in 
Situ with the use of catalysts. 

Treatment of the Polyamiae Fiber vlth the isocyanate . 

10 The desired isocyanate can be effectively applied 

to any synthetic or natural polyanide fiber using a wide 
variety of means ^ for example, in a batch system, a pad 
squeeze or a kiss roll coating. The isocyanate can also 
be effectively applied as a foam or in a" sptay. 

15 Alternatively, the isocyanate can be applied by dipping ' 
the fiber into an isocyanate solution • 

In the preferred method to impart superior and 
permanent resistance to coMDon staining materials such 
as F0&C No. 40 (the staining component of cherry Kool 

20 Aid»)^ wine, and mustard with tumeric, the polyamide 
fiber is treated with an isocyanate before it is dyed 
or manufactured into fabric or carpet. This procedure 
allows for thorough treatment of the fiber and avoids 
the problem of interfering additives or coatings applied 

25 during manufacture. However, after the fiber has been 
treated with an' isocyanate, it will not be susceptible 
to further treatment that involves the formation of 
ionio or oovalent bonds with the terminal amine groups 
on the polyamide fiber, including coloring of the fiber 

30 with anionic materials. The stain resistant fiber can 
be colored or otherwise treated with compounds that bind 
to the carboxylic acid end groups of the polyamide 
fiber. 
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Altiematively^ the polyamlde fiber can be treated 
with the isocyanate after it has been manufactured into 
an €irticle such as carpet or carpet tile. The treatment 
must be mild enough not to damage any of the materials 
5 in the article^ including backing material!? and 
adhe&ivQS. For example, bitumen backed carpet must be 
treated at a lower temperature than polyvinyl chloride 
backed carpet* 

' The isQcyemate is applied in a solution of any- 

10 suitable concentration , typically, between 0.5% 'to 60% 
by weight. The preferred weight percent of isocyanate 
applied to the polyamlde based on the weight of the 
fiber rangee from 0.5 to -5%, and more typically from 
approximately 1 to 2%» isocyanate foams can be applied 

15 with very high concentrations of isocyanate. A 
preferred concentration range for pad squeeze or kiss 
roll applications is between 0.05 and 100 grams/liter. 
A more preferred concentration is between S and 50 
grams/ liter. The optimal concentration (in grams/ liter) 

20 will depend on the molecular weight of the isocyanate. 
If the isocyanate solution is too dilute j. the isocyanate 
may be applied unevenly. . A large wet pick-up (20-300%) 
is desireable to provide uniform isocyanate treatment! 
It is very important that the polyamide fibers be 

25 very dry when treated with the isocyanate. Even damp 
fiber will not react suitably with the isocyanate to 
provide adequate stain resistance. The isocyanate 
should be reacted with the fiber for the minimum time 
period and at the lowest temperature that is effective 

30 to complete the reaction. The time and temperature of 
reaction will depend in part on the reactivity of the 
isocyanate, and can be determined without undue 
experimentation* The time of reaction typically ranges 
from one to sixty minutes. The length of time required 
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for reaction is a function of the intensity and 
temperature of the heating unit used, a tine period of 
from on© to ten mintites is usually sufficient for 
isooyanate/polyanide reactions in ovens that reach 120'»C 
5 or higher. A time and temperature should be selected 
that allows the isooyanate to react with the terminal 
amine groups of the polyanide without undesired reaction 
of the isocyanate with the internal amide linkages of 
the polyanide. Appropriate temperatures for reaction 

10 typically range from 140»P to 400OF (60"C to 205»C) . 
The carpet and fabric fiber typically should not reach 
over approxim^ktely 140 when placed in a heating unit 
with an air temperature of between 60 »C to 205 for the 
appropriate time period. Aromatic isocyanates in 

15 general react faster and under -milder conditions than 
aliphatic isocyanates. • 

The isocyanate treated fiber can be heated with a 
Wide, variety of known means, including conventional 
ovens, forced air ovens, microwave and infared heaters. 

20 \nien using an isocyanate that reacts slowly with the 
fiber » or vrtien carrying out the reaction in the absence 
of a catalyst, it is sometimes desirable to Include a 
post-cure step in which the heat is continued until a 
low percentage of moisture is achieved. > 

25 Catalysts can be used to facilitate the reaction of 

the isocyanate with the polyamide. Suitable catalysts 
include organic tertiary amines such as i,4- 
dia2abicyelo[2.2.23octane (DABCO) , or metallic catalysts 
such as tin, antimony or other heavy metal compounds. 

30 • Typically, the dry fiber is first soaked with the 
isocyanate solution tintil saturated, and then the fiber 
is heated to initiate reaction, it is preferred to heat 
the fiber to dryness. The length of time and 
temperature needed to complete the reaction will vary 
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depending on 'the type of oven used and the air 
clroulation in the oven. 

Ab an example, a nylon yarn can be soaked in an 
isocyanate solution and heated at lao^c for 10-15 
5 minutes to impart permanent stain resistance* If 
de&iredf the yarn can be washed after treatment to 
remove excess reactants^ 

In another example, the isocyanate can be foamed or 
sprayed onto carpet fiber/ and then heated in an oven 

10 that i© at a temperature ranging from 120*»C to 205^0 for 
one to ten minutes , typically two to five minutes. 

The treatment is very conveniently carried out in 
an organic solvent such as toluene, tetrachloroethane , 
tetrabydrofuran, or dimethylf ormamide . However, ..due to 

15 environmental concerns, it is often desireable .to tr.eat 
the fiber in an aqueous system. If the isocyanate is 
not water soluble, it can be mixed with a small amount . 
of organic cosolvent such as cyclohexane or 
dimethylformamidfe that is then mixed with water. 

20 Alternatively, the isocyanate can be applied in an 
emulsion prepared by methods well known to those of 
skill in the art. The surfactant used in the pulsion 
should not contain active hydrogens that will react with 
the * isocyanate. Examples of suitable surfactants 

25 include sodium dodecylben^ene sulfonate,, and sodium 
dioetyl sulfosucciiiate* Further, certain isocyanates 
can be made water dispersible by adding hydrophilic 
groups that do not contain active hydrogens . An example 
of a water dispersible isocyanate is PBA 2259 from ICI 

30 Americas, Znc« HDI can also be purchased in a water 
dispersible form from the same company. 

The present invention can be used to impart 
permanent stain resistance to all types of nylon fibers,. 
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including nylon 6; nylon 6,6; nylon I0,ii,i2; and 
copolymer structures that have amino end groups. 

As characterized below, the method for treating 
polyanides with isocyanates to impart stain resistance 
5 is applicable to a wide variety of isocyanates and final 
products. 

Exaaqpltt 1 Treatnent of Myloa 6 yarn with- 
Metbyleaedipheayl Dilsooyanate 

10 

Nylon 6 yarn (0.3 g) was dipped into a i% wt/wt 
solution of methylenediphenyl diieocyanate (MDl) in 
toluene for lo seconds. The yarn was removed and the 
15 excess solution allowed to drain off, resulting in a 
wet pick-up of 158%. The yarn was heated in* an oven at 
I20»e for 1 hour^ • 

zstattpl« 2 Traataent of nylon carpet Tile with 
20 Methyleasdiphanyl Diisooyanate 

A three inch square of carpet tile was placed upside 
do%m in a pan containing a 1% wt/wt solution of MDI in 

25 toluene. The height of the solution in the pan was 
sufficient to submerge the tile yarn but not contact the 
tile backing. The tile was removed from the solution 
after soaking for 10 -seconds, \diiah resulted in a 205% 
wet pick up based on the weight of the tile yarn. The 

?o tile was heated in an oven at I20«c for l hour. 



35 



Example 3 Treatment of Nylon carpet Tile with a«a- 
Dlmethyl meta-xsopropenyl Benzyl 
Zsoeyaaate 

A three inch square of carpet tile was placed upside 
down in a pan containing a 2% wt/wt solution of a,a- 
dinethyl meta-isopropenyl benzyl iaocyanate (TMl) in 
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toluene* The height of the solution In the pan was 
suffloient to submerge the tile yarn but not contact 
the tile backing. The ^lle was removed from the 
solution after soaking for * 10 seconds , which resulted 
S in a 220% wet pick up based on the weight of the tile 
yam« The tile was heated in an oven at I20^c for l 
hour* 

EitaiBple 4 Treatment of Nylon 6 Carpet Tile with an 
XO SmulsioB of Xsophoroae Dii»oeyan&te and 

Bearane Dlol 

An emulsion of 2% isophorone diisccyanate (IPDI) is 
15 prepared by dissolving 0.5 parts by weight i>f- sodium 
dodecylbenzene sulfonate in 97 « 5 parts of water and 
adding 2 partq of IPDI with continuous stirring « Hexane 
diol (0.4 parts) is then added to the emulsion. The 
emulsion is applied to the carpet tile by kiss-^roll or 
20 pad squeeze. After the excess solution is allowed to 
drain off, the carpet tile is heated in an oven of 
forced air at 116 for 6-7 minutes. 

Szaaipla S Treatment of Nylon Carpet with Emulsion 
25 of Isophorone Dilaooyanate 

A three inch square of carpet tile was placed upside 
down in a pan containing an emulsion of 2% isophorone. 

30 diidbcyanate (ipbl) made by dissolving 0.5 g of sodium 
dodecylbenzene sulfonate in 97*5 g of water and adding 
2 g of IFDZ with continuous stirring. The height of the 
solution in the pan was sufficient to submerge most of 
the tile yam but not contact the tile backing * The 

35 tile was removed from the solution after soaking for 10 
seconds, which resulted in a 250% wet pick up based on 
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the weight of the tile yarn. The tile was heated in an 
oven at 120 "C for 1 hour* 

BataiBple 6 Treatment of Kylon Carpet Tile with pba 
5 22S9 

A three inch square of carpet tile was placed upside 
down in a pan containing a 2% wt/wt solution of PBA 2259 

10 in water-. The height of the solution in the pan was 
sufficient to submerge the tile yarn but not contact the 
tile backing^ The tile was removed from the solution 
after soaking for lO seconds, and excess solution 
drained, resulting in a 140% wet pick up based on the 

IS weight of the tile yarn* The tile was heated in an oven 
at 120^C for 1 hour. 



20 



Emnple 7 Treatment of Nylon 7iber with Oligomer of 
ZPOZ and Ethylene Glycol 



An emulsion of 2* IPDI is prepared by dissolving 
0*5 grams of sodium dodecylbenzene sulfonate in 97.5 
grams of water and then adding 2.0 grams of iPDI with 

25 continuous stirring. Ethylene glycol (0.4 grams) is 
then added to this mixture. Nylon B yarn (0.3 g) is 
dipped into the solution for 10 seconds and then 
removed. The excess solution was then allowed to drain 
off. The yarn was heated in an oven at I20oc for 1 

30 hour. 

Example 8 Treatment of Carpet Tile with XPDI and 
Bexane Oiol 

35 An emulsion of 2% IPDI was made by dissolving 0.25 

grams of sodium dodecylbensene sulfonate in 97.75 grams 
of water and then adding 2.0 grams of IPDI with 
continuous stirring. Hexane diol (0,4 grams) was then 
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added to this mixture. A three inch square of carpet 
tile was placed upside down in a pan containing this 
emulsion for approximately ten seconds. The height of 
the solution in the pan was sufficient to submerge most 
5 of the tile yarn but not contact the tile backing. The 
carpet tile sample was then removed > and the excess 
solution drained off « This procedure resulted in a 240% 
pick-'up/ The tile was then heated in an oven for one 
hour« 

10 

Bumple 9 Treataent of Kyloti Carpet Tile During 
Manufacture 

15 After the carpet tile ha^ been assembled and 

printed, it is passed through an atmospheric steam oven ^ 
for about eight minutes and then the excess water is 
vacuumed off. A solution of 2% PBA 2259 in water is 
then applied to the fiber by kiss roll or pad squeeze. 

20 The tile is then heated in a forced air oven at 116«C 
for 6-7 minutes. 

Example 10 Treatment of Mylon Carpet Tile with 
Xflooyaiiate fipray 

25 

After the carpet tile has been assembled, and after 
overprinting if. desired, the nylon fibers are vacuum 
dried and then sprayed with a solution of 2% IPDX to a 
30 wet pick up of 200-250%, and then heated at 116«C for 
6-7 minutes » or until the fibers are completely dry. 

Example ll Treatment of Wylon carpet Tile with 
Zaofsyanate Foam 

35 

A foam is prepared by whipping a solution of 25 
grams of PBA 2259 and 3 grams of sodium dodecylbenzene 
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sulfonate in 72 grains of water. The foam is 

mechanically worked into the fibers, and then the tile 
is dried at 120*>C. 

5 Bzaa^le 12 Stain Itesistanoe of isooyanate Treated 

Mylon Pikers 

The stain resistance of isooyanate treated nylon 
10 fiber was tested by soaking light gray nylon 6 carpet 
tiles treated as in Exanples 2, 5, and 6, together with 
an untreated tile, for 24 hours in a cherry Kool~Aid« 
solution (unsweetened) prepared according to the 
directions on the package. The samples were rinsed with 
15 water for about lo seconds after soaking and then the 
extent of staining was determined. The results are 
provided in Table i. 

Table 1 stain Resistanoe of Isooyanate Treated Nylon 
20 Carpet Tiles 

Untreated carpet Bright red 

carpet Tile of Exas^le 2 No stain 

25 Carpet Tile of Example 5 Light pink tint 

Carpet Tile of Example 6 No stain 

carpet Tile of Example 8 Very light pink tint 

As indicated in Table 1, treatment with methylene 
30 diphenyl diisoeyanate (Exasnples 2 and 6) provides 
excellent protection to nylon fiber against staining by 
acid dyes. Isophorone diisoeyanate (Exaa^jle 5) as well 
as- a mixtxire of Isophorone diisoeyanate and hexane diol 
(Example a) also provides superior protection against 
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add dyee. The data in Table 1 illustrates the general 
observation that aromatic isocyanates typically provide 
better stain resist treatment to nylon fibers than 
aliphatic isocyanates. 

5 

Bxanpla 13 Pexaaxieiica of xaocyttDate stain Resist 
Treatmant 

10 Nylon carpet tile samples prepared as described in 

Examples 2, 5, and 7, as well as a sample of residential 
shag Cabin Craft carpet (style A3-55 Comfort) treated 
with Du Font's stainmaster® formulation (a sulfonated 
formaldehyde condensation polymer in combination with 

15 . a fluorocarbon coating) , h sample of light gray, nylon 
carpet tile treated with a sulfonated a^irdinatic * 
condensation polymer (SAC, purchased from Grif ftex Inc. ) 
alone, and a sample of carpet treated with BASF 
Scotchgard^ (a fluorochemical treatment) were waslied' 
^20 five times under identical conditions using a 1% aqueous 
solution of AATCC standard detergent #124 with a typical 
residential washing machine. The samples were then 
soaked for 24 hours in cherry Kool Aid®, rinsed with 
water, and then analyzed for extent of staining* The 

25 results are provided in Table 2. 
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15 



25 

Tablo 2 Coaqparison of PermaAence of stain Resist 
TreatmdBts 



Before Washing 

Sample 

SAC Treated 

FroiD Examples 2 and 7 

P^om Example 5 

StainHaster® (Du Pont) 

BASF Scotchgardv 

After Waahin? 

fia^p^e 

SAC Treated 

From Examples 2 and 7 

From Example 5 

StalAHaster® (Du Pont) 

BASF Scotchgard<ft 



Ho stain 

No stain 

Light pinX tint 

No stain 

Red 

Staining 

Bright red 

Almost undetectable 

Light pink tint 

Pinlc 

Bright red. 



As indicated in Table 2, carpet tile samples treated 
20 as described in* Examples 2, 5, and 7 retain their stain 
resistance after five washings • The SAC treated nylon 
carpet sample completely lost its stain resistance after 
five washings. The StainMaster<B> treated sample lost 
significant stain resistance after washing^ however, the 
25 fluorochemical coating appeared to prolong the 
effectiveness of the treatment « The fluorochemical 
coating would have the same effect on isocyanate treated 
polyamide fibers. Further, as indicated above, the 
fluorochemical coating alone (Sootchgard) provides no 
30 protection from staining. 
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VI. n«# of other organic Compounds to impart Permanent 
stain Rasiatance to Polymers vitn Terminal Amine 
Qronps 

5 

Polymeric fibers with terminal amine groups can be 
made perman^tly stain resistant by reacting the polymer 
with a carboxylic acid or its derivative that, covalently 
binds with the amine. Examples of suitable carboxylic 

10 acid derivatives include acid chlorides , acid 
anhydrides, and esters. Acid chlorides are generally 
less preferred than isocyanates because they have a vezry 
strong odor and are highly reactive in water • The by- 
product of the reaction of an acid chloride with water 

15 is hydrochloric acid. Therefore, when using an 

aromatic acid chloride in an aqueous system, a base 
should be added to neutralize the acid generated. 

Alternatively, the terminal amine can be reacted 
with a sulfonyl chloride, sulfonyl amide, sulfonyl 

20 ispcyanate, or acyl isocyanate. sulfonyl isocyanates 
and acyl isocyanate are preferably applied in an organic 
solvent because they are typically too reactive to be 
used in an aqueous system. 

25 Example 13 Treat«ient of Nylon Fibers with Bensoyl 

Chloride 

Two percent wt/wt solutions of benzoyl chloride in 
30 toluene and wa^er (containing 1% sodium bicarbonate} 
were prepared. Nylon 6 carpet tile samples were 
separately soa]ced at room temperature for about two 
minutes in the two solutions (wet pick-up 1S0% and 250%^ 
respectively) and then dried at 120 ^C. The samples were 
35 then placed in cherry Kool-Aid^ for two hours and 
rinsed* The solvent treated sample had only a very 
slight staining, whereas the aqueous treated sample had 
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only mpderate staining. The control was intensely 
stained. 

Ssanplo 14 Treatnent of nylon Pibets with catboxyiie 
5 Acid Aahydridea 

Two percent solutions of succinic anhydride (SA) 
and phthalic anhydride (PA) in diwethylformaiDide (r»!P) 
10 were prepared. Two percent emulsions of each were also 
prepared using a small amount of dmp (4% wt/wt for SA 
and €% wt/wt for PA) and o.3 % wt/trt of fiiponate DS-IO 
(sodium dodecylbenzene sulfonate, purchased from 
Alcolac, inc., Baltl»ore, Maryland) in water. Nylon 6 
15 carpet tile sainples were separately soaked in these 
solutions and then dried for about one hour at 12Q^C. 
The samples, along with a control and a sample of carpet 
treated with a,a-diaethyl meta-isopropenyl benayl 
isocyanate (TMX) were then soaked in cherry Kool-Aid® 
for 24 hours and allowed to dry. The results- are 
provided in Table 3. As indicated, the isocyanate (TMI) 
provides better resistance to acid dyes than the 
anhydrides in aqueous systems, however, the reverse is 
true in solvent systems. 



20 
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Table 3 Stain Resistance of Mylon Fibers Treated with 
Acid Anhydrides 

water mS. TSL Sh S^z2& 

5 Sample 1 94g 4g 2g — 0.3g 

sample 2 98g ^- 2g — ^- 0.3g 

sample 3 94g 4g — 2g — o.3g 

Sasq^le 4 92g 6g — — 2g 0.3g 

Saiqple 5 — 98g — 2g — —>■' 

10 sample 6 — 98g. — — 2g — 

Sasozla gtaininq 

1 Slight 

15 .2 Slight (but better than sample 1) 

3 Slight - moderate 

4 Moderatie (PA didn't emulsify well) 

5 Very slight 

6 Very slight 
20. Control intense 



VXI. Application of a FlnoBodiettioal Coating to 
iBocyanate 



25 



Treated Folyamide Fiber 



The stain resisting performance of polyamide fibers 
treated with an isoeyanate can be improved by applying 
30 a fluoreohemical coating to the treated fiber. Estamples 
of suitable fluorochemical coatings include scotchgard* 
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358 and 352 (Minnesota Mining & Mfg. Co.)#' Zepel* and 
Teflon« Toughcoat (e. I. Du Pont Hemours & Co.); Milease 
P-86, manufactured by ICI Americas, inc.; Aurapei fc- 
340 and 342, manufactured by Auralux Corporation; HK 
5 Guard F0280, joanufactured by NICCA Chemicals; and Glo- 
Guard Cpc, manufactured by 61o-Tex Chemicals, 

the amount of fluorochemical required to provide a 
coating that cannot be penetrated by water will vary 
depending on the particular fluorochemical used. 
10 Methods for applying fluorochemical coatings are known 
to those skilled in the art, and are described in a 
number of patents, including U.S. Patent No. 4,619,853 
to Blythe, U.S. Patent No. 4,388,372 to champameria, 
U.S. Patent No. 4,839,212 to Blythe, et al.-, and U.S. 
15 Patent No. .4,680,212 to Blythe,. et al., all of which 
are incorporated herein by reference. 

If desired, an antimicrobial compound or combination 
of compounds can be added to the f luoroeihemicai coating. 
Examples of antimicrobial ooatpounds that can be included 
20 in the coating include OBPA (I0,io*-oxybisphenar6ine) , 
marketed under the name Vinyzene BP-505 poP by Norton 
Thiokol , Inc. ; silicone quaternary ammonium salts such 
as Sylgard, manufactured by Dow Coming Corporation; and 
monoesters of phosphoric acid or its salt, preferably 
25 the di(2-hydroxyethyl)cocoamine salt of 2- 
ethylhexylphosphoric acid, as described in U.S. S.N. 
07/047,561, filed April 27, 1987, entitled 
"Micrdbiocidal- CoiQposition and Method of Preparation 
ffliereof," now allowed, and incorporated herein by 
30 . reference. . 

ThA fluorochemical used to coat the stain treated 
fibers can also be mixed with other polymers or monomers 
to increase its effectiveness, including 
polymethylmethacrylate. 
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Modifications and variations of the present 
invention of permanent stain resistant treatment for 
polyamide fibers will be ^ obvious to those of skill in 
the art from the foregoing detailed description of the 
5 inventioni^ Such modifications and variations are 
intended, to come within the scope of the appended 
claims. 
We claim: 
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1. A method for imparting stain resistance to a 
polyamide carpet or fabric fiber comprising 

contacting the dried fiber with approximately 
0.5 to 5% by weight based on the weight of the fiber of 
isocyanate, and then 

heating the fiber to a temperature of less tiian 
140 -c for a time period of less than one hour* to react 
the iftocyanate with terminal amine groups of the • 
polyamide to form terminal urea groups, and without 
reacting the isocyanate with internal amide linkages of 
the polyamide fiber. 

2. The method of claim i wherein the polyamide 
fiber is nylon. 

3 . The method of claim l wherein the isocyanate is 
selected from the group consisting of monoisocyanate, 
diisocyanate, polyisooyanates, and polymers containing 
isocyanate functicmal groups. 

4. The method of claim i wherein the isocyanate is 
selected from the group consisting of 4,4 
diphenylmethane-diisooyanate, ieophorone diisoeyanate, 
a,a-dimethyl meta-isopropenyl benzyl isocyanate, toluene 
diisocyanate, and tetranethyl xylene diisocyanate. 

5. The method of claim l further comprising 
applying the. isocyanate as an emulsion. 

6. The method of claim 1 wherein the isocyanate is 
water dispersible. 

7. The method of claim 1 further comprising dying 
the fiber before the stain resist treatment. 

8 . The method of claim 7 wherein the dye is an acid 

dye. 

9. The method of claim l further comprising dying 
the fiber after the stain resist treatment. 

10. The method of claim 9 wherein the dye is a 
basic dye. 
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11. The method of claim 1 further comprising 
applying a fluorinated organic compound or polymer to 
the fiber after isocyanate treatment. 

12 . The method of claim 1 herein the oven in which 
the isocyanate treated fiber is heated is at a 
temperature of between approximately 60*C and 20S*C« 

13. The method of claim l, wherein between 
apprpximately 1 and 2 weight percent of isocyanate is 
applied to the fiber, based on the weight of the fiber* 

14* The method of claim 1 further comprising 
heating the isocyanate treated fiber for a time ranging 
from one minute to ten minutes. 

15. The method of claim 14 wherein the Isocyanate. . 
is applied to the fiber in an emulsion or dispersion* 

16 • The jftethod of claim 1^ wherein the isocyanate 
is applied in a concentration range of from 0.5% to 60% 
by weight/ 

17. The method of claim 1 wherein the isocyanate 
is applied to the fiber in combination with a blocking 
compound to form a precursor. 

18. The method of claim 17 wherein the blocking 
compound is selected from the group consisting of 
alcohols, phenols, lactams, active methylenes, 
mercaptans, amides, imides, amines, imidazoles, ureas, 
carbonates, imines, oximes and sulfites. 

19 « The methoia of claim 17 wherein the precursor 
generates the isocyanate on heating* 

20* The method of claim 17 wherein the precursor 
generates the isocyanate on chemical treatment. 

21. The method of claim 18 wherein the blocking 
compound is selected from the group consisting of 
ethylene glycol and hexane diol. 
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22. The nathod of claim l wherein the isocyanate 
is applied by spraying the fiber with the isocyanate 
solution. 

23. The method of claim 1 wherein the isocyanate 
is applied by dipping the fiber in the isocyanate 
solution. 

24. The method of claim i wherein the isocyanate 
is applied by soaking the fiber in the isocyanate 
solution. 

25. The method of claim 1 wherein the isocyanate 
is applied in a foam. 

26. The method of claims 17 wherein the isocyanate 
precursor is prepared by the reaction of an amine with 
an isocyanate. 

27. The method of claim X, wherein the fiber, is. 
incorporated into an article before treatment. 

28. The method of claim l wherein the polyamide 
fiber is treated before incorporation into an article. 

29. A method for imparting stain resistance to 
nylon carpet or carpet tile comprising 

contacting the dried carpet or carpet tile with 
approximately 0.5 to 5% by weight based on the weight 
of the carpet fiber of isocyanate, and. then 

heating the fiber to a temperature of less than 
140«c for a time period of leas than one hour, to react" 
the isocyanate with terminal amine groups of the 
polyamide to form terminal urea groups, and without 
reacting the isocyanate with internal amide linkages of 
the polyamide fiber. 

30. The method of claim 29, further comprising 
applying the isocyanate by foam or spray. 

31. A stain resistant polyamide carpet or carpet 
tile prepared by: 
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contacting the dried carpet fiber with 
approximately 0.5 to 5% by weight based on the weight 
of the fiber of isocyanate, and then 

heating the fiber to a temperature of less than 
140 for a time period of less than one hour^ to react 
the isocyanate with terminal amine groups of the 
polyamide to form terminal urea groups^ and without 
reacting the isodyanate with internal amide linkages of 
the polyamide fiber. 

32* The carpet or carpet tile of claim 31, wherein 
the fibers are treated. before the carpet is assembled r 

33. The carpet or carpet tile of claim 22, wherein 
the fibers have been- heateid to a temperature of 
approximately less than 120^C. 

34* The carpet or carpet tile of claim wherein * 
the f ib^s have been treated for a length- of time of 
approximately between one and ten minutes. ' 

35. The carpet or carpet tile of claim 34, wherein 
the carpet or carpet tile is dried completely before 
application of the isocyanate. 

36. The carpet or carpet tile of claim 31, wherein 
the isocyanate is selected from the group consisting of 
monoisocyanate^ * diisocyiknate, polyisocyanates ^ and 
polymers that include isocyanate functional groups. 

37. The carpet or carpet tile of claim 3*1 wherein, 
the isocyanate is selected from the group consisting of 
4f 4* -diphenylmethane'^diisocyanate, isophorone 
diisocyanate , a , a-dimetl^l meta-^isopropenyl benzyl 
isocyanate, toluene diisocyanate, and tetramethylxylene 
diisocyanate. 

38 • The carpet or carpet tile of claim 31, further 
comprising a .f luorochemical coating. 
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3 Jsocyanatomethyl-3,5,5-trimethylcyclohexyl isocyanate (IPDI) 



OCN 




CH2 




NCO 



4,4'-Diphenylmethane dusocyanate (MDI) 




NCO 



a,a-Dimethyl meta-isopropenyl benzyl isocyanate (TMI) 



HGURE 1 
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